Objectives: This study aimed to evaluate the influence of prior knowledge of human papillomavirus (HPV) status in cervical cytopathology readings.
Cervical cancer (CC) remains the most important human papillomavirus (HPV)-related human cancer, with an estimated 530,000 new cases and 275,000 deaths annually. 1 Cytology-based CC screening was introduced in the early 1950s and has led to substantial reductions in CC incidence and mortality, but it is well recognized that the interpretation of cervical cytology is relatively subjective and associated with high rates of interobserver and intraobserver variability. A single test has low sensitivity, of approximately 50% to 70%, requiring repeat testing throughout women's lives, bringing complexity and costs to the strategy. 2 Cytology laboratories are constantly making efforts to improve screening for the provision of better patient care, moving beyond the Papanicolaou (Pap) test. 3 In the past decade, new and more effective technologies for cervical cancer control have emerged-namely, molecular testing for HPV, which was demonstrated to have great efficacy in large randomized screening trials, 4, 5 and liquid-based cytology (LBC), addressed to reduce cells' overlapping and artifacts of preparation, potentially improving results while providing some practical advantages (eg, quicker interpretation, ancillary molecular testing). 6, 7 In addition, LBC analysis guided by a computerized system can select fields of view that facilitate the recognition of abnormal cells, potentially reducing the false-negative rates. 8 In Brazil, the SUS (Public Unified Health System) recommends cytology-based CC screening, conducted with a 3-year interval after two consecutive annual negative examinations for women aged between 25 and 64 years. For several reasons, estimates of cancer incidence and mortality ; the HPV molecular test also offers a lower prospective (subsequent) risk of cervical intraepithelial neoplasia grade 3 (CIN 3) and invasive cervical cancer for women found HPV-DNA negative. 5 Previous knowledge of HR-HPV DNA status may foster a reduction of cytology false negatives by leading to a better scrutiny of borderline abnormalities, consequently improving sensitivity. 10, 11 In a real-world scenario, with the expansion of the global use of HPV tests, it is expected that the cytopathologist will commonly have access to a patient's HPV status at the time he or she evaluates the cytology specimen. 12 Cytology reading samples with a positive HR-HPV test would probably depict a higher rate of abnormalities due to the attention paid by the readers, which may be an appropriate strategy in Brazil and countries with high incidences of cervical cancer and suboptimal cytology performance and control. 13 Automated cytology evaluation based on the FocalPoint (BD, Burlington, NC) system may achieve a performance close to that of unaided microscopically interpreted cytology. This could lead to the deployment of integrated approaches using HPV testing and automated cytology, minimizing the subjectivity of cervical cancer screening. 3 In this study, we aimed to evaluate the influence of HPV status reader awareness before computerized-guided cytologic screening vs cytology reviewed without prior knowledge of HPV status and compare the effectiveness and variation in the performance of the Pap test. Cytopathologists were blinded to their previous classification of the smear and also to the HPV result. They were informed that the second review was due to a quality control procedure foreseen in the study protocol.
Materials and Methods

Study Population
Participants aged 14 
Collection and Preparation of Cytologic Sample Cytology
Cervical samples were collected from the endo-ectocervical junction. The whole brush head was transferred to the recipient containing BD SurePath liquid (BD Diagnostics-TriPath, Burlington, NC) and sent to the Fundação Oncocentro de São Paulo (FOSP) laboratory for preparation of slides for the cytology test and a residual aliquot for the molecular test Onclarity HPV Assay (BD), using the Totallys (BD) equipment.
Slides were first scanned by the FocalPoint system (BD), and then 10 selected fields were revised by well-trained and well-experienced cytotechnologists and cytopathologists. Briefly, the FocalPoint system classifies 25% of all slides as no further review (NFR), in which the probability of intraepithelial lesions is extremely low. The other 75% are categorized in quintiles 1 to 5, in which quintile 1 has the highest probability of abnormality, based on slide scores. In this study, the NFR slides were manually screened to verify the reliability of the system in our experience. Smears were examined and classified according to the Bethesda system. 14 Women with a cytologic diagnosis of atypical squamous cells of undetermined significance (ASC-US) or worse were classified as having abnormal cytology.
Molecular Tests
HPV was detected and genotyped by the Onclarity HPV Assay (BD), a real-time polymerase chain reaction (PCR) on the fully integrated Viper LT platform (BD) that targets E6/E7 genes. This assay provides individual genotyping information for six HPV types-16, 18, 31, 45, 51, and 52-while another eight HR-HPV types are reported in three distinct groups: P1 (33/58), P2 (56/59/66), and P3 (35/39/68). The Onclarity HPV Assay (BD) also detects the human β-globin gene as a control for both sample and process adequacy. Briefly, the sample was heated at 120°C for approximately 30 minutes in the Viper LT prewarm station, to lyse and homogenize the specimen, and then cooled to room temperature before being transferred onto the deck of the instrument, where it underwent automated sample processing and PCR amplification/detection.
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Cytology With or Without Prior Knowledge of HPV Status
Original readings were performed with prior knowledge of HPV status, and women older than 24 years who showed a positive HR-HPV test and/or cytology class of ASC-US or worse were referred for colposcopic examination and biopsy, upon medical judgment. All histopathologic reports were reviewed and confirmed by two pathologists. In cases where there were discrepancies between the two readings, a third pathologist was consulted for a final consensus diagnosis. Six months later, the same samples were selected, previous pencil dots and original labels with patient IDs were removed, and slides were read by the same cytologists without prior knowledge of HPV DNA status and blinded to histology results. First and second readings of the slides were performed in the same laboratorial environment by the same group of cytotechnologists.
Ethics
The Ethics Committee of the Faculty of Medicine, University of São Paulo approved this study (No. 075/13), and all patients enrolled provided written informed consent.
Statistical Analyses
Frequency and estimates of sensitivity, specificity, negative predictive value, and positive predictive value for detection of CIN 2+ were obtained for both screening strategies: cytology with or without prior knowledge of HPV status. The confidence intervals (CIs) were calculated using the exact binomial distribution. Distribution of cytologic diagnosis according to the HPV status was performed using the test of a single proportion. Agreement between Pap readings (with or without prior knowledge of HPV status) was assessed using the κ statistic and the McNemar exact test for paired data. The odds ratio (OR) for matched samples was calculated to compare the proportion of nonnegative results between both Pap readings. All CIs and calculated statistical tests considered a level of significance of 5%. Analyses were performed using the Stata/IC 12.0 statistical software package (StataCorp, College Station, TX).
Results
HPV Genotype Distribution
In total, 79.3% (1,885/2,376) of the study population comprised women aged 25 to 64 years, the target population for whom CC screening is recommended in Brazil. Among the 2,376 samples analyzed, 372 (15.7%) were HPV positive. Single-type infection was observed in 69.6% (259/372), while 22.6% (84/372) had coinfection by two HPV types, 4.8% (18/372) by three, 1.9% (7/372) by four, 0.8% (3/372) by 5, and 0.3% (1/372) by six. The most frequent HPV types in the series were P2 (HPVs 56/59/66) and P3 (HPVs 35/39/68) groups (4.3% each), followed by 16 (3.3%), 52 (2.5%), 31 (2.2%), P1 (HPVs 33/58) (2.1%), 51 (1.6%), 18 (1.1%), and 45 (0.9%).
Cytology
Four (0.2%) samples were classified as unsatisfactory for cytologic analysis and excluded. Overall, 239 (10.2%) smears had a different cytology classification in between both readings. Cytology readings with prior knowledge of HPV status revealed 10.5% of abnormal samples (ASC-US or worse), while without prior knowledge of HPV status, this rate dropped to 7.6% (P < .05). Of all the samples classified as abnormal, a significant increase was observed in the number of atypical squamous cellscannot exclude high-grade squamous intraepithelial lesion (ASC-H) from one case to 34, low-grade squamous intraepithelial lesion (LSIL) from 64 to 82, and high-grade squamous intraepithelial lesion (HSIL) from 11 to 18 when HPV status was informed, whereas for the cytologic samples classified as ASC-US, no significant absolute difference was observed between cytology readings with or without prior knowledge of HPV status, respectively (n = 116 × 105) ❚Table 1❚. As the absolute number of samples classified as ASC-US did not differ much between HPV results in previous knowledge groups, a superficial overview does not reveal the dual effect of HPV testing over ASC-US diagnostics; 59 of 105 smears were lowered to negative for intraepithelial lesion or malignancy (NILM) upon HPV knowledge, and of these, only 11 (18.6%) were HPV positive. On the other hand, 82 samples categorized as NILM were elevated to ASC-US when the HPV result was informed, with 44 (54%) being HPV FocalPoint quintiles classified one of the two cases of CIN 3 in quintile 1 and 70% of CIN 2 (9/13) in quintiles 1 and 2. FocalPoint analyses were not possible in two samples (one case of CIN 2 and one case of CIN 3) due to artifacts or bubbled coverslips. The distribution of CIN 2+ cases according to the cytologic diagnosis and HPV types is shown in Table 3 .
As shown in ❚Table 4❚, the sensitivity of computerized-guided cytology with prior knowledge of HPV status to detect CIN 2+ was higher compared with blinded cytology: 86.7% vs 60.0%, respectively. A slight loss in specificity was observed: 89.9% vs 92.7%, respectively. However, no significant differences were observed in positive and negative predictive values. HPV test alone detected more cases of CIN 2+ than either of the cytology strategies. It detected 100% of the cases of CIN 2+, with a decrease in the specificity (84.9%) and slight loss in the positive predictive value, without changing the negative predictive value.
Discussion
Numerous studies have confirmed that HPV testing is more sensitive than cytology, and thus it offers a higher cancer prevention benefit. 16 Cervical cytology is recognized as being laborious and subjective, as well as having large variations in the cytologic classification. 17, 18 Reasons for this lack of reproducibility include differences between cytotechnician and pathologist skills, technical difficulties for accurate visualization of the cellular alterations, inadequate sampling of the squamous-columnar junction, borderline cytologic abnormalities, high workload demands, and so forth. 19, 20 Overall, cytologic screening with prior knowledge of HPV status resulted in an increased number of abnormal smears greater than ASC-US (P < .05; OR, 2.1; κ = 0.56), particularly in ASC-H (from one case to 34). These findings corroborate the results recently published by Wright et al 11 showing a greater impact on LSIL and HSIL categories when cytology is read with prior knowledge of HPV status, with only 66.0% and 69.6%, respectively, of these diagnoses remaining the same after HPV informed readings. The same study revealed that 33.7% of ASC-US cases were reclassified as NILM after unblinded review, and 8.7% were upgraded to ASC-H or HSIL. In this study, the absolute number of samples classified as ASC-US did not differ much between HPV results in previous knowledge groups (116 × 105), essentially due to 59 samples that were downgraded to NILM, with most being HPV negative, and 82 that were upgraded to ASC-US, with most being HPV positive. Similarly, the ASC-US + ASC-H/LSIL + HSIL ratio remained at 1.4 on both readings because there was an increase in all altered categories-notably, ASC-H but also in LSIL and HSIL when HPV was known.
In contrast, Benoy et al 6 enrolled 2,905 women undergoing routine screening in Belgium and found a statistically significant difference only for LSIL (67 vs 46), an increase of 31% when HPV status was made available. Endorsing the findings described above, this influence is strongly observed in our subset of HPV-positive samples (OR, 7.5), with NILM cytology-blinded HPV results showing a decrease of 20.5% in samples previously positive in unblinded readings. This shift is probably attributable to a greater caution when slides from women known to be HPV positive are read by the cytotechnologists and pathologists, who may be influenced by this knowledge when interpreting cell abnormalities 10, 12 or increasing the importance of findings that would be otherwise ignored. 62  P1  IC HSIL  HSIL  CIN 3  31  16, P1  1  ASC-H  NILM  CIN 3  25  16, 31, P1  1  ASC-H  NILM  CIN 2  35  16  4  NILM  NILM  CIN 2  59  P1  1  ASC-H  HSIL  CIN 2  35  P1  IC HSIL  ASC-H  CIN 2  33  52  5  ASC-H  NILM  CIN 2  63  31, 52, P3  1  HSIL  HSIL  CIN 2  22  16, P1, P2  2  ASC-H  LSIL  CIN 2  34  16, 31  3  LSIL  HSIL  CIN 2  35  31  2  NILM  NILM  CIN 2  21  16  1  HSIL  ASC-US  CIN 2  29  16  1  HSIL  LSIL  CIN 2  23  45, 52, P1, P2, P3 1  ASC-H  LSIL  CIN 2  20  16  3  ASC-H  NILM  CIN 2 ASC-H, atypical squamous cells-cannot exclude high-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells of undetermined significance; CIN 2, cervical intraepithelial neoplasia grade 2; CIN 3, cervical intraepithelial neoplasia grade 3; FP, FocalPoint; HPV, human papillomavirus; HSIL, highgrade squamous intraepithelial lesion; IC, not processed; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy.
a
The software ranked each case into one of five categories: quintiles 1 (high risk) through 5 (low risk).
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In contrast, for the samples performed with prior knowledge of HPV-negative results, we found reasonable agreement (κ = 0.38), and no differences were observed between the readings (P = .69; OR, 0.91).
Cytology is a subjective method. In this study, different assessments may have affected the results, and knowing that women were HPV negative in samples with borderline dysplastic changes possibly raised the confidence of cytotechnicians and pathologists toward NILM results. This was corroborated by the strong agreement found on NILM cases (96.1% vs 96.0% in both readings), since most smears were HPV negative. Richardson and colleagues 10 compared the influence of the HPV status separately for three different settings; a total of 1,767 cervical cytology specimens were reread, and when women were HPV negative, the readings tended to be concordant between the original readings and rereadings.
Certainly, the most important finding of this study was the demonstration that prior knowledge of the presence of HPV increased cytologic detection of CIN 2 lesions or worse compared with cytology screening alone, with a slight decrease in specificity but without reductions of positive and negative predictive values. Compared with blinded cytology, cytology with prior knowledge of HPV status revealed an increase of 26.7% in sensitivity and a slight decrease in specificity, similar to the gain of 17.4% in the sensitivity of cytology for CIN 2+ described by Benoy et al 6 when performing cytology guided by HPV positive results, which also corroborates the recent study from Bergeron and colleagues 12 that showed higher sensitivity for detection of precancer when cytology is evaluated with knowledge of HPV status.
Currently, the modern cytology laboratory is moving beyond the Pap test read manually, attracted by the recently available technologies of computer-guided prescreening and the probability of abnormality based on quintile scores. The review by cytotechnologists and pathologists offers an additional instance for the recognition of cellular abnormalities. Laboratories with problems such as a high rate of false-negative Pap tests are benefiting from such technologies, improving their sensitivity. 3 Our findings demonstrate that the FocalPoint system classified most CIN 2+ cases in quintiles 1 and 2, which favor the use of computer-assisted screening in the daily routine to avoid false-negative results. All 15 CIN 2+ cases were positive for the HR-HPV assay, and a slight decrease in the specificity (84.9%) was observed when comparing unblinded and blinded cytology. It is noteworthy that in this study, only women older than 24 years who showed a positive HR-HPV test and/or cytology ASC-US+ were referred to colposcopy and biopsy. A limitation that must be acknowledged was the high rate of nonattendance to the colposcopic assessment (33%). Although this rate is worrisome, it does reflect the reality of CC screening and triage in Brazil. Several reasons account for this loss: difficulties in making the colposcopic appointment, lack of understanding, noncompliance, and so on. However, it should be emphasized that HPV positivity and cytologic categories did not differ between women who attended colposcopy and nonattendants, which suggests that results may be applicable to the whole study population.
The main argument against primary HPV testing is that despite the very high negative predictive value for CIN 3+, it has a lower specificity compared with cytology, leading to higher referral rates for colposcopy and likely some unnecessary treatments. Due to its high specificity, triage of HPV-positive women by cytology has been widely advocated, allowing HPV-positive/NILM women to be followed by HPV/cytology in shorter intervals but precluding their referral to colposcopy, which has been shown to be a safe strategy by long-term follow-up studies. 21 By this approach, it is expected that cytology has a better performance for triage of HPV-positive women compared with primary screening, 22 leading to an earlier diagnosis of persistent lesions and enhanced efficacy without increasing the biopsy rate. 5 However, in the current study, two HPV-positive smears were classified as NILM on both readings with FocalPoint scores of 2 and 4, in which corresponding biopsy specimens were shown to harbor CIN 2 lesions. In such cases, p16/Ki-67 immunohistochemistry may clarify the oncogenic potential of the lesions, eventually representing limitations of the employed algorithm. The best strategy for women who are HPV positive with a subsequent negative triage cytology remains controversial. Despite having a low risk of developing CIN 3+, it is possibly not low enough to wait for their next screening round (eg, 3-6 years) as preconized for those found HPV negative. The CIN 3+ risk of women found HPV positive with negative cytology after 2 years was 5% in women aged 30 to 60 years in the Netherlands, a high risk to return in a routine screening interval, which can differ according to the country. An additional cytology test after 6 to 12 months decreased the risk to less than 1%, which seemed an acceptable strategy when considering the risk of CIN 3+. 23 In the United States, a positive result for either HPV 16 or 18 was found to bear a CIN 3+ risk high enough to justify direct referral to colposcopy, skipping cytology triaging. 24 In conclusion, our data suggest that cytology interpreted with prior knowledge of the HPV status is more sensitive than blinded cytology. Prior knowledge of HPV status could help cytotechnicians and pathologists to be more careful about minor HPV-associated cellular changes and more accurately classify cytologic changes in a CC routine screening laboratory. HPV vaccination promotes a decrease in the incidence of premalignant lesions, 25 which is expected to affect cytologic screening since the finding of abnormal cells will become a rare event and thus less reproducible and of limited effectiveness. 26 In addition, several countries are progressively implementing HPV primary screening programs in replacement of cytology. These two significant improvements in the prevention of cervical cancer are pressing for a repositioning of cervical cytopathology. In these fast-evolving times for medicine, the cytology laboratory should not be refractory to radical changes. 3 Experts and national programs are converging to cytology-based triage of HR-HPV-positive women. An optimal integrated screening and triage marker strategy may be achieved by, for instance, dual staining of abnormal cervical cells for p16 INK4a and Ki-67 antigens (eg, providing a high positive predictive value that may identify women who need immediate interventions, counterbalancing the low positive predictive value of the presence of HPV-DNA). 
